Abstract. ZnAgInSe quantum dots with 5 and 6.7 nm particle sizes were obtained by accommodating the reaction time. The red shift in the photoluminescence spectra of ZnAgInSe quantum dots with size from 5 to 6.7 nm was caused by the quantum confinement effect. The temperature dependence of chromaticity coordinate and correlated color temperature of ZnAgInSe QDs with 5 and 6.7 nm particle size are investigated.With increasing temperature, the x values of CIE coordinates of ZnAgInSe QDs all increase, but z values of CIE coordinates of ZnAgInSe QDs all decrease. Correlated color temperature of ZnAgInSe QDs all increase with the temperature increase, respectively.
Introduction
Semiconductor quantum dots (QDs) have attracted considerable attention because of their specific photometric characteristics, and have been applied in light-emitting diodes, optical lasers, and photovoltaic cells [1] [2] [3] . Semiconductor QDs often refer to nanocrystals with their particle size less than twice the Bohr radius of excitons in bulk materials. At present, binary CdTe and CdSe QDs have excellent luminescent propertise comprising potentially toxic elements [4] . Development QDs comprising less toxic components are becoming the new trend. Compared to binary and ternary systems, quaternary Zn-I-III-VI nanostructures have been attracting increasing attention exhibiting tunable emissions [5] . Quaternary ZnAgInSe QDs exhibits red emission under blue excitation that is suitable to blue LED chip excitation [6] . Temperature is one of the fundamental thermodynamic state variables and the most measured physical quantity. Temperature dependent optical characteristics of QDs have been investigated [6, 7] . However, low temperature dependent chromaticity coordinate and correlated color temperature of ZnAgInSe QDs with different size are seldom discussed previously. In this paper, the bandgap of quaternary ZnAgInSe QDs was adjusted by changing their size. Temperature dependence of chromaticity coordinate and correlated color temperature of ZnAgInSe QDs with different size are investigated.
Experiment
The fabrication process of the Zn(OAc)2, In(OAc)3, AgOAc and Se precursor solution in detail was reported in previous reference [6] . To synthesis of ZnAgInSe QDs, the Zn(OAc)2, In(OAc)3, and AgOAc precursor solutions, DDT (2 mL), and ODE (6 mL) were added into a four-neck flask. Second, the reaction mixture was slowly heated to 180  C under argon. Third, when the reaction mixture became clear, the Se precursor solution was injected into the flask, and the temperature was maintained at 220  C for 30 min, affording ZnxAgInSe QDs. Then the reaction was immediately terminated by injecting the product into toluene. The untreated ZnxAgInSe QDs were purified thrice by centrifugation with methanol and acetone. Absorption spectra were recorded on a Hitachi UV-4100 spectrophotometer. Photoluminescence (PL) spectra were recorded on a Jobin Yvon FluoroLog-3 fluorescence spectrometer, and a 450-W xenon lamp was used as the light source.
Results and Discussion
The normalized PL emission spectra and absorption spectra of ZnAgInSe QDs synthesized with different particle sizes are plotted in Figs. 1(a) and 2(b), respectively. Due to quantum confinement effect, both the absorption and emission spectra of ZnAgInSe QDs show obvious red shift from 647 nm to 694 nm with the increase of particle size from 5 nm to 6.7 nm. Temperature dependence PL measurements of ZnAgInSe QDs with 5 and 6.7 nm particle sizes were measured respectively shown in Fig.2 (a) and (b). The PL intensity was found to decrease with increasing temperature from 10K to 280 K. The linewidth broadening and red shift of ZnAgInSe QDs with 5 and 6.7 nm in spectra were also observed. The chromaticity coordinate could be calculated using standard equations [8] ; where the P(λ) represents the function of spectral energy distribution,
represent the color matching function, x, y represent the CIE (x, y) coordinates, and z represents the third chromaticity value.
The simulated chromaticity coordinate and correlated color temperature (CCT) of ZnAgInSe QDs with 5 nm particle size are calculated with different temperature in Table 1 . Correspondingly, the chromaticity coordinates of 5 nm ZnAgInSe QDs with different temperature are depicted in chromaticity coordinate diagram shown in Fig. 3 . With temperature increasing, the x values of CIE coordinates increase from 0.492 to 0.523, and y values of CIE coordinates increase to 0.328 and then decrease to 0.324. Moreover, the z values as the third chromaticity value decrease from 0.188 to 0.153. With temperature increasing, the CCT value 5 nm ZnAgInSe QDs increase from 2137 to 2889K. The simulated chromaticity coordinate and correlated color temperature (CCT) of ZnAgInSe QDs with 6.7 nm particle size are calculated with different temperature in Table 2 . Correspondingly, the chromaticity coordinates of 6.7 nm ZnAgInSe QDs with different temperature are depicted in chromaticity coordinate diagram shown in Fig. 3 . With temperature increasing, the x values of CIE coordinates increase from 0.515 to 0.581, and y values of CIE coordinates increase from 0.322 to 0.355. Moreover, the z values as the third chromaticity value decrease from 0.163 to 0.065. With temperature increasing, the CCT value 6.7 nm ZnAgInSe QDs increase from 2694 to 3399K. 
Conclusion
The temperature dependences of photoluminescence properties of ZnAgInSe QDs with 5 and 6.7 nm particle size are investigated. Due to quantum confinement effect, both the absorption and emission spectra of ZnAgInSe QDs show obvious red shift from 647 nm to 694 nm with the increase of particle size from 5 nm to 6.7 nm. Temperature dependence PL measurements of ZnAgInSe QDs with 5 and 6.7 nm particle sizes were measured respectively.With increasing temperature, the x values of CIE coordinates of ZnAgInSe QDs all increase, but z values of CIE coordinates of ZnAgInSe QDs all decrease. Correlated color temperature of ZnAgInSe QDs all increase with the temperature increase, respectively.
